Chemical screening of the leaves and flowers of Crataegus aronia resulted in the isolation of hyperoside, quercetin, rutin and β-sitosterol for the first time from this plant. The effects of the hydroethanolic extract of C. aronia (CAHE) on hypercholesterolemic rats were investigated. The rats, treated orally for four weeks with 400 mg/kg/day CAHE, exhibited significant decreases in serum total cholesterol (TC) and low-density lipoprotein (LDL). The results were compared with those obtained after oral administration of atorvastatin (10 mg/kg/day). Furthermore, 10-week daily co-administration of a high cholesterol diet and CAHE (200 mg/kg/day) prevented the increase in TC and LDL. These observations indicate that CAHE has a hypocholesterolemic effect.
The genus Crataegus (Rosaceae) is native to temperate regions of the northern hemisphere and known by the common names of English hawthorn, haw, maybush and whitethorn [1] . Hawthorn is rich in amines, triterpene saponins and flavonoids. So far, the occurrence of more than 60 flavonoids has been reported in Crataegus spp. [2] . It is well accepted that the consumption of flavonoids, procyanidins and catechins is important for the prevention of atherosclerosis through possession of antioxidant activity and inhibition of low-density lipoproteins (LDL) oxidation [1] .
In Jordan, the genus Crataegus is represented by four species, namely C. aronia (L.) Bosc. ex. DC, C. azarolus L., C. monogyna Jacq. and C. orientalis Pallas [3, 4] . C. aronia has been reported in Jordanian traditional medicine and is widely recommended by herbalists for the treatment of cardiovascular diseases, hypertension and hyperlipidemia [5] . Although several Crataegus species have been evaluated chemically and biologically, information related to the bioactivity and chemistry of C. aronia growing wild in Jordan is rare [5] [6] [7] . Thus, it was deemed worthwhile to screen the crude hydroethanolic extract of this species phytochemically and to investigate its potential hypolipidemic effect on high cholesterol (HCD)-fed rats.
The presence of flavonoids was detected by thin layer chromatographic (TLC) examination of the n-butanol (BuOH), methanol (MeOH), ethyl acetate (EtOAc) and chloroform (CHCl 3 ) fractions. The typical flavonoid bright yellow spots under UV light (366 nm) were observed after spraying the TLC plates with Natural Products Reagent and heating [8] . The isolated compounds were identified as ß-sitosterol (1), hyperoside (2), quercetin (3) and rutin (4) [9] [10] [11] .
Acute toxicity results (LD 50 ), performed on mice (Mus musculus), showed that CAHE administered orally in doses up to 33.3 g/kg B.W. caused no animal lethalities. The results of RBC, WBC and Hb for the control group and the groups that received the highest CAHE doses were still within the normal ranges for mice [12] .
Over the course of 10 weeks, TC did not change significantly in the untreated control group (group 1) (74.8 ± 7.1 mg/dL versus 72.5 ± 3.8 mg/dL) by the end of the tenth week. On the other hand TC level increased significantly in the HCD-fed untreated group (group 2) from 81.7 ± 3.3 mg/dL to 273.1 ± 22.1 mg/dL ( Figure 1 ). In the plant extract and drug treated groups (groups 3 and 4, respectively), there was a consistent increase of TC during the first 6 weeks, but when treatment with either CAHE or atorvastatin was initiated, groups 3 and 4 exhibited significant decreases (P<0.05) in serum TC levels ( Figure 1 ). No significant differences (P>0.05) were detected in serum TC levels between groups 3 and 4 for the 4 weeks of treatment (weeks 7-10) and the maximum reduction was more or less similar (116.9 ± 7.5 mg/dL versus 103.8 ± 11.7 mg/dL, respectively). Similarly, the HCD-fed untreated group (group 2) exhibited a remarkable increase in LDL serum concentration by the end of the tenth week (9.7 ± 1.9 mg/dL versus 212.8 ± 29.8 mg/dL) ( Figure 2 ), whereas the untreated control group (group 1) showed no significant change during the same period (12.0 ± 4.2 mg/dL versus 20.7 ± 4.7 mg/dL). Plant extract and drug treated groups (groups 3 and 4, respectively) showed consistent increases in LDL during the first six weeks. In contrast to group 2, serum LDL dropped by the end of the tenth week to 53.7% in group 3 and to 71.3% in group 4 from their respective values by the end of week six or just prior to the start of treatment. There were no significant differences (P>0.05) between groups 3 and 4 for the treatment weeks (weeks 7-10) in serum LDL levels ( Figure 2 ).
Statistical analysis showed no significant differences (P>0.05) in serum high density lipoprotein (HDL) and very low density lipoprotein (VLDL) among the groups (Table 1 ). Triglyceride (TG) values showed no significant differences (P>0.05) among the groups with the exception of group 1 that showed a significant erratic decrease (P<0.05) only between the first and the 10 th week ( Table 1 ). Group 5, which was treated constantly with 200 mg CAHE/kg/day along with HCD from the start of the experiment, showed modest increases (P >0.05) in serum TC and LDL during the first two weeks. This increase, however, was blunted thereafter, and the values of TC and LDL become significantly lower than the respective values of group 2 (Figure 1 and 2).
In general, blood cholesterol level is regulated through regulation of cholesterol biosynthesis, removal of circulating cholesterol, dietary cholesterol absorption and excretion of cholesterol and bile acids in feces [13] . Nevertheless, any disturbance in cholesterol homeostasis will lead to health problems. Contrary, a decrease of each 0.26 mmol/L (10 mg/dL) in average TC could reduce this risk by 11.3% [14] .
Previous studies showed hypocholesterolemic activity of C. oxyacantha and C. pinnatifida extracts. The extract of C. oxyacantha was found to antagonize the increase in TC, TG, LDL and VLDL in rats fed a hyperlipidemic diet [15] .
The present experiments demonstrate that animals fed an HCD had significantly higher serum levels of TC and LDL than those fed the control diet, indicating the establishment of a successful hypercholesterolemic model. Furthermore, all animal groups continued to grow normally during the 10-week experimental period (data not shown) and there were no significant differences between the rates of growth of the different groups, suggesting that HCD diet and CAHE treatment had no adverse effects on animals' growth.
The present data further demonstrate significant decreases of TC and LDL values after CAHE treatment in comparison with the hypercholesterolemic group (137.1% versus 334.1% and 345.2% versus 2200.9%, respectively). These reductions in TC and LDL were not accompanied by significant changes in HDL. Similar observations were reported for C. pinnatifida and C. oxyacantha [16] [17] . Earlier, Chen et al. [18] demonstrated an insignificant increase in HDL concentration in animal groups treated with Crataegus (Chinese species) flower drink compared with the control group. Rajenderan et al. [16] could not observe any significant increase in HDL or significant decrease in VLDL values in rats after 6 weeks co-administration of HCD and C. oxyacantha tincture, prepared from hawthorn berries. They assumed the hypocholesterolemic activity of the tincture might be due to an upregulation of hepatic LDL-receptors. In contrast, Khalil et al. [5] observed significant reductions in TC and LDL and a significant increase of HDL when 10% fruit water extract of C. aronia was administered to rabbits. A similar significant increase of HDL and significant decrease in TG values were observed with C. pinnatifida fruit extracts in New Zealand rabbits after 12 weeks treatment. In the present study, a short period of extract administration (4 weeks) did not affect either VLDL or TG, while during the long period of extract administration (10 weeks), the serum level of VLDL or TG was reserved as that of the negative control group, in spite of the lower concentration of the extract (200 mg/kg/day). These varied findings could have arisen from the choice of animal model, duration of the experiment, different hypercholesterolemia induction methods being applied and/or the extract preparation protocol.
In the present study the obtained data with CAHE were compared with those of atorvastatin, a widely-prescribed hypocholesterolemic drug. Statins inhibit cholesterol synthesis by having 10,000 times greater affinity for hydroxymethyl glutaryl coenzyme A reductase than that of the natural substrates [19] . Moreover, statins lower serum TC indirectly by up-regulating LDL receptors [20] . They are highly efficacious as LDL cholesterol-lowering agents, but their effect on VLDL and TG is highly variable depending on the statin member and dose utilized [21] . In addition, it was found that treatment with statins is associated with slight (3%-15%) elevation of HDL [22] . The effects of CAHE on serum TC and LDL reported in the present experiments were comparable to those of atorvastatin, Table 1 : Serum HDL, TG and VLDL in groups of rats before the start of the experimental protocol (week 0) and by the end of week 10. . All values are ±SEM.
Group1
Group 2 suggesting CAHE in a concentration of 400 mg/kg is as potent as atorvastatin in a concentration of 10 mg/kg in the present settings.
The present experiments also demonstrated that CAHE has a preventive effect, since rats treated with 200 mg/kg daily from the start of the experiment along with the HCD showed TC and LDL values that were significantly lower than their respective values for the hypercholesterolemic control group (group 2). Animals in this group (preventive group) seemed to have managed to lower their TC and LDL values.
Several researchers have investigated the effect of flavonoids on TC, LDL, HDL and TG synthesis, absorption and metabolism in experimental animals, cellular models and humans. In animal models, it was found that flavonoids, such as luteolin, quercetin, rutin decreased TC levels and the ratio of high-density lipoprotein/low-density lipoprotein (HDL:LDL) [23] . Since quercetin, rutin and hyperoside were isolated from C. aronia in the present work, it is likely that the observed reduction in both, TC and LDL might be due to the combined effects of these three ingredients. On the other hand, it was found that phytosterols, in general, act as cholesterol analogues. Phytosterols inhibit cholesterol absorption by competing with cholesterol for solubilization in the micelles prior to absorption [24] . Since ßsitosterol was also isolated from C. aronia in the present study, the observed effects on TC and LDL could be further substantiated by the presence of ß-sitosterol. ß -Sitosterol and the above mentioned three flavonoids were isolated for the first time from the crude CAHE.
In conclusion, the present experiments demonstrated the presence of the flavonoids quercetin, rutin and hyperoside, and ß-sitosterol in C. aronia. CAHE has shown hypocholesterolemic activity in reducing TC and LDL and preventing an increase of TC and LDL when used simultaneously with HCD in the Wistar rat model. 
Extraction procedures:
Coarsely powdered dried leaves and flowers (5 kg) were soaked twice in 70% EtOH for 10 days. The hydroethanolic extract was concentrated and evaporated at 40-60°C using a rotavapor. The yield from leaves and flowers was 12.6%. The major part of the extract was subjected to fractionation using solvents of different polarities. The concentrated light petroleum (PE) (10 g), CHCl 3 (44 g), BuOH (59 g), EtOAc (49 g), and water/ethanol (123 g) fractions.
Isolation of major constituents:
The CHCl 3 fraction was loaded onto a silica gel column (4.5 × 105 cm) and eluted by stepwise gradients of PE/CHCl 3 (100:0-0:100) and CHCl 3 /MeOH (100:0-0:100). Fractions 45-50 yielded a compound 1. BuOH and EtOAc fractions and fractions 60-70 of the CHCl 3 extract were pooled together and repeated chromatographic purification led to isolation of compounds 2, 3 and 4. The isolated compounds were identified as ß-sitosterol (1), hyperoside (2), quercetin (3) and rutin (4) [9] [10] [11] .
Animals: Forty-six locally-inbred male Wistar rats of 214.5 + 2.1g average body weights were used in the experiment. All animals were housed, fed and treated in accordance with the University of Jordan guidelines for animal protection. Throughout the experimentation period, animals were kept in single cages and were given proper diet and water as described under experimental protocol.  Preparation of the high-cholesterol diet (HCD): The HCD was prepared according to Pan et al. [25] , with some modifications. A suspension of cholesterol powder, cholic acid and CMC was used.
In brief, 37.5 g of cholesterol powder mixed with 4.5 g of cholic acid was dissolved in 300 mL of 0.3% CMC aqueous solution. The dose given corresponded to 2.2 g cholesterol and 0.26 g cholic acid per kg body weight. Rats were provided with normal diet chow (called control diet hereafter) and water ad libitum. HCD was given by gavage once daily for the duration of the experiment, which lasted 10 weeks. CAHE was administered by gavage 1 h after HCD. Animals were deprived of food and water for 12-13 h before cholesterol administration and blood collection. [26] [27] [28] . For the determination of LD 50 , a single dose of 1mL/mouse was administered orally. Mice of both sexes were divided into 7 groups, each of 4 mice (2 males and 2 females).
Determination of median lethal dose LD
Group 1 served as a control (untreated, given only distilled water). Six other groups were given the CAHE in doses of 12.5 g/kg B.W. -33.3.g/kg B.W., respectively. Mortality was calculated after 24 h and mice were observed for another 7 days for signs of toxicity. At the end of this period, the mice were sacrificed and blood was collected in heparinized capillary tubes from all mice of groups 1, 6 and 7 for the determination of red (RBC) and white blood cell counts (WBC), and hemoglobin (Hb). RBC and WBC were counted manually using a Newbauer counting chamber [12] , while Hb was determined according to the Sahli method reported by Palmer [29] .
Experimental protocol: Rats were divided into 5 groups (n= 8-9) as follows: Group 1: The negative control group was given only the control diet ad libitum for 10 weeks. Group 2: The hypercholesterolemic control group was given the control diet ad libitum and HCD once daily for 10 weeks. Group 3: The treatment group was given the control diet ad libitum and HCD once daily for 10 weeks. To this group CAHE (400 mg/kg/day) was administered once daily for the last 4 weeks (weeks 7-10). Group 4: The positive control group was given the control diet ad libitum and HCD once daily for 10 weeks. To this group atorvastatin (10 mg/kg) was administered once daily for the 4 weeks (weeks 7-10). Atorvastatin was administered to rats daily at 5:00-6:00 pm. Group 5: The preventive group was given the control diet ad libitum. HCD and CAHE (200 mg/kg) was administered once daily during the 10 weeks of the experimental period.
CAHE was dissolved in distilled water immediately prior to administration to animals by gavage at 6:30 am daily. CAHE doses for groups 3 and 5 were selected based on the preliminary LD 50 screening. The selected dose -400 mg/kg/day -was 10× more diluted than the maximum soluble concentration of the extract, which did not cause any mortalities during LD 50 experiments. Blood samples were collected weekly from the retro orbital plexus of rats using a 10 µL glass capillary [25] . A blood sample was also collected just before the start of the experiment to measure the control values for each parameter for each animal group. All blood samples were collected after 12-13 h of fasting. Serum was collected from blood by centrifugation for 10 min at 3500 rpm and then stored at -80°C until analysis. Analysis was conducted in duplicate and was completed within 1-3 days of collection. Quantitative determination of HDL, TC and TG was achieved using commercially available kits following the manufacturer instructions. LDL and VLDL were calculated according to the Friedewald equation " CLDL= Cplasma-CHDL-TG/5" [30] .
All values are presented as means ± standard error of means (S.E.M). Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by Dennett's post test for multiple comparison of groups. The differences were considered significant if P< 0.05. Data were analyzed using GraphPad Prism software version 5.
